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ABSTRACT

Chemical precipitation processes have been used for the treatment of
radioactive elements from aqueous solution. The volume reductio'n is not very great
and storage facilities are expensive. There are some radionuclides which are so
difficult to be precipitated by this common method, so they may be precipitated by
adding solid materials such as natural inorganic exchangers. In this work,
improvement the removal of caesium, cobalt and europium with zinc sulfate as
coagulant and different clay minerals have been investigated. These include,
Feldespare, Aswanly, Bentionite, Hematite, Mud, Calcite, Basalt, Magnetite,
Kaoline, Sand stone, Limonite and Sand. The parameters affecting the precipitation
process such as pll, particle size, temperature and weight of the clay have been
studied. The results indicate that, the highest removal for Cs-137, Co-60 and Eu-
152&154 by Asswanly, Bentonite and Sand stone is more than the other clays.
Removal of Cs-137 from low level waste solution with these three natural clays took
the sequence, Aswanly (85.5%) > Bentontte (82.2%) > Sandstone (65.4%).

Solidified cement products have been evaluated to determine mechanical
strength and leaching rates of the waste products. The solidified waste forms were
found more acceptable for handling, storage and ultimate disposal.
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INTRODUCTION

Sir.ce caseium isotope constitutes a large part of the fission products and dominates the.biological
hazards from spent uranium fuel. The removal of Cs-137 is very important where it can cause
a dangrous effect into human body and environment. Several reports have been published on the
separation of Cs-137 in liquid wastes using inorganic adsorbents such as zeolite and clays (1*5). The
main objective of this study has been directed towards the testing and evaluation of natural clay
materials that are inexpensive and suitable for chemical precipitation of Cs-137, Co-60 and Eu-
I52&154 from radioactive liquid wastes. In order to achieve adequate decontamination by
precipitation of low concentration of radionuclides a carrier must be used<6). Waste a material is
material which its presence cause many hazards to man and environment. Increased emphasis has
been placed on studies the/use of industrial by-product pollutants(7). Industrial by-product produced in
large quantities from the Egyptian factories as well as additive materials were used. On the other
hand, different natural clay materials such as Aswanly, Bentonite, Hematite, Feldspare, Calcite,
Basalt, Magnetite, Kaoline, Sandstone, Limonite and Sand have been used in this investigation in over
to development the removal percent of Cs-137, Co-60 and Eu-152&154 from waste solutions. The
parameters affecting the precipitation process include, solution pH, weight and particle size fractions
of clay minerals, clay type and clay heated at different temperatures. Immobilization of radioactive
waste sludges loaded with clay minerals and mixed in with portland cement have been investigated.
Solidified cement products have been evaluated to determine optimum conditions of mixing,
mechanical strength and leaching rate of the products.
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2. EXPERIMENTAL

2.1. Materials:
Ail the chemicals employed were of analytical grade and used without further purification. Some

natural clay minerals of industrial by-products produced in large quantities from the Egyptian factors
and others are present in large amounts in different places in Egypt. The coagulant zinc sulphate of
Veb. Lab. Apoida and ordinary portland cement of National Cement Company (8)are used .

2.2. Radioactive Tracers:
The radioactive tracers Cs-137 and Co-60 were obtained from the Radiochemical Centre,

Amersham, England. Eu-152&154 was obtained from Egyptian Nuclear Reactor, Inshas, Egypt. The
composition of the simulated low level liquid waste is given in reference (9).

2.3. Precipitation Method:
The' removal of radioactive isotopes Cs-137, Co-60 and Eu-152&154 from low level radwaste was

carried out by adding 5% zinc sulphate to 100 ml waste solution. The pH is adjusted to the desired
value 9-11 by adding known amount ofsodiumhydroxid solution, lg of natural clay minerals with
particle size fraction 0.2 mm was added and stirred for 10 min. The mixture was left for overnight at
room temperature. The removal percent of each radionuclides were determined.

2.4. Measurements:
The pH values of the different solutions were measured using a pH meter of the type HI 8417

microprocessor bench pH meter. The radionuclides were assayed theiry-ray using a counter of the
type Multichannel Analyzer having a well type Naf (TL) crystal. The compressive strength of
solidified cement samples were measured using the challenger range of compression testing machine
(2000 KN).

X-ray diffration patterns were carried using Shimadzu X-ray diffractometer, Model XD 1180,
using a Ni filter and a Cu-ka X-radiation tube.

2.5. Investigations:
2.5.1. Effect of clay type :

Natural clay minerals; Aswanly, Bentonite, Sandstone, Magnetite, Hematite, Mud, Calcite, Basalt,
Lemonite, Sand, Fledspare and Kaoline are grind and sieved into particle size fractions ranged
between 0.08 to 1.25 mm have been used. l.Og of solid clay minerals are added to 100 ml waste
solution contained Cs-137 and 5% of ZnSO4 is added. The solution pH is adjusted to 10. The mixture
is stirred to 30 inin and level to overnight at room temperature. The effect of clay types on the
removal percent of Cs-137 from the waste solution have been measured.

2.5.2. Effect of clay particle size:
1.0 g of solid clay minerals; Aswanly, Bentonite and sandstone having different particle size

fractions ranged from 0.1 to 1.25mm are added to 100 ml low level radioactive liquid wastes prepared
as mentioned before. The removal percent of Cs-137, Co-60 and Eu-152&154 for the different particle
size are determined.

2.5.3. Effect of solution pll:
Prepare 100 ml of law level radioactive liquid wastes with different pH ranged between 2 and 14,

l.Og of solid clay minerals with particle sizes. 2 mm is added and stirred for 30 min at room
temperature. The mixture was left for overnight. Separate the waste sludge contained the
radionuclides. The removal percent of Cs-137, Co-60 and Eu-152&154 at different solution pH are
calculated.
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2.5.4. Effect of clay weight:
100 ml of law level radioactive liquid waste was prepared. Different weights ranging from 0.5 to 3.0g

of solid clayminerals are added to the waste solutions and strere for 30 min at room temperature. The
removal percent of Cs-137, Co-60 and Eu-152&154 have been determined for each clay weight used.

2.5.5. Effect of clay heated at different temperatures:
1.0 g of solid clay minerals with particle size fraction 0.2 mm are heated at different temperatures

ranging from 25 to 200 c f*r 24 h. The heated clay is added to 100 ml waste solution prepared as
mentioned before the removal percent of three radionuclides employed are determined.

2.5.6. Compressive strength:
The specimens were prepared by mixing ordinary portland cement (OPC) and different weight

percent ranging from 5 to 20% of dried waste sludge contained clay minerals (Aswanly, Bentonite and
Sandstone) at W/C ratio 0.4. The resulting cement mixture were stirred for 5 minutes and the grout
was then poured into cubic 7 cm mould and vibrated. The compressive strength of these samples are
measured in Kg / Cm2.

2.5.7. Leaching resistance:
Specimens 30 mm right cylinder moulds of dried waste sludge with the radioactive tracers Cs-137,

Co-60 and Eu-152&j54 were mixed with OPCat W/C ratio 0.4 were prepared. Also, specimens of
10% of dried waste sludge with the radionuclides and clayminerals with particle size 0.2 mm mixed
with 90% of OPC at W/C ratio 0.4 were prepared. The specimens were taken out from the moulds and
immersed in the ieachant ( deionized water, 300 ml) for 70 days at 25±5°C. Leaching rates of Cs-137,
Co-60 and Eu-152&154 through the solidified waste forms were calculated according to the method
recomencled by the IAEA(10).

3 . RESULTS AND DISCUSSION

3.1. Preliminary Studies:
Preliminary studies were carried out to investigate the removal percentage of radioactive tracers

Cs-137, Co-60 and Eu-152&154 from low level liquid wastes with coagulant ZnSO4 and solution pH
adjusted at 10 at ambient room temperature. The mixture was left overnight. The waste sludge was
separated from the mother solution. The removal percent of the radionuclides were determined. The
results obtained are give in Table (1).

Table (1): Removal percentage of Cs-137, Co-60 and Eu-152&154
from low level radioactive liquid wastes.

Radionuclide
Cs-137
Co-60
Eu-152&154

Removal percentage
3.3
89.0
90.5

pH
10
10
10

Coagulant: ZnSO4 (5%).
The results indicated that, the removal percentage of the tracers, Cs-137, Co-60 and Eu-152&152

were 3.3, 89.0 and 90.5, respectively. Removal percent of Cs-137 was found not more than 3.3%. This
can be related to the intrinsic solubility of cesium<u>.
3.2. Effect of Clay Type:

The effect of twelve clay minerals; Kaoline, feldspare, sand, lemonite, baslt, calcite, mud,
hematite, magnetite, sandstone, bentonite and aswanly having particle size fractions ranging between
0.08 and 1.25 mm on the removal percentage of Cs-137 at pH= 10 and room temperature has been
investigated. The results obtained are given in table (2).
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Table (2): Effect of clay type on the removal percentage of
Cs-137 from low level liquid waste.

No.
1
2
3
4
5
6
7
8
9
10
11
12

Clay type
Kaoline
Feldspare
Sand
Lemonile
Basalt
Calcite
Mud
Hematite
Magnetite
Sandstone
Bentonite
Aswanly

Removal percentage
10.9
12.6
12.9
16.5
18.5
24.5
32.3
36.5
44.8
55.3
71.5
76.0

Coagulant: ZnSO4, (5%) pH = 10, clay weight, lg.
The results indicated that, removal percentage obtained were high and their values are 76.0,71.5

and 55.3 for aswanly, bentonite and sandstone respectively, howeverthe removal percentage for the
other clay minerals were found to rang from 10.9 to 44.8. The best results for development the
removal of Cs-137 from waste solution were obtained by aswaniy, bentonite and sandstone.
Aswanly, bentonite and sandstone were identified by XRD. The X-ray diffraction patterns for
these clays are given in Fig.(l)
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From these patterns, it was found that, the predominant constituent were SiO2/hexagonal systems
for aswanly, NH4ZnPQ,/monocl:nic systems for bentonite and AL2Si2O5(OH)4/Kaolinite-l A
systems for sandstone. The efficiency of the removal of Cs-137 from the waste solution with these
clays are arranged as follows: Aswanly > Bentonite > Sandstone. This requence can be attributed
to the high backfill material aswanly clay(l2).

3.3. Effect of clay particle size:
The effect of clay minerals; aswanly, bentonite and sandstone having particle size fractions
ranging from 0.1 to 1.25 mm on the removal percentage of Cs-137, Co-60 and Eu-152&154 from
low level waste solutions at pH= 10 have been studied. The results obtained are given in Table (3).
The results indicated that, the removal percentage of the three radionuclides increased as the clay
particle sizes increased from 0.1 to 0.2 mm. Beyond this value the removal percentage tends
decrease. Aswanly clay with particle size 0.2 mm is more suitable for enhancement the removal
from 3.3 to 76.0% for Cs-137, from 89.0 to 98.2 for Co-60 and from 90.5 to 96.8 for Eu-152&154.
Also, Bentonite and sandstone with particle size 0.2 mm are suitable for improvement the removal
percentage of the three radionuclides. The removal percentage took the following requence

Aswanly > Bentonite > Sandstone

Table (3): Effect of clay particle size on the removal percentage of Cs-137, Co-60 and
Eu-152&154 from low level waste solutions.

Particle
size, mm

0.1
0.125
0.16
0.2
1.0
1.25

Removal percentage

1
65.0
66.5
74.0
76.0
32.0
18.0

Cs-137
2

62.2
63.5
65.5
71.5
23.5
14.5

3
51.6
52.2
53.5
55.3
52.2
51.0

Co-60
1

96.5
97.4
97.8
98.2
96.5
95.2

2
96.0
96.6
97.1
97.6
95.4
94.5

3
95.2
95.8
96.2
97.0
94.2
92.3

F.U-152&154
1

. 95.4
95.6
95.8
96.8
95.4
95.0

2
95.1
95.6
95.8
96.5
95.2
94.6

3
94.6
94.8
95.1
95.8
94.2
94.1

•1.3. Effect of solution pH:
The effect of liquid waste solution at different pH ranging from 2 to 14 on the removal percentage

of Cs-137, Co-60 and Eu-152&154 using chemical treatment and clay minerals; aswanly, betoniteand
sandstone with particle size 0.2 mm have been investigated. The results obtained are presented in
Fig.(2). It's clear from this figure that, the removal percentage of the radionuclides were found to
increase to high value at pH= 10 and decreased beyond this value until pH= 14.

Thus, the most suitable clay for removal of Cs-137 ,Co-60and Eu -152&I54 form waste solutions at
PH=10 is the Aswanly clay .The Bentonite clay comes next, and Sandstone has the least capacity .
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3.5. Effect of clay weight:
The effect of clay weight ranging from 0.5 to3.0 g of aswanly, bentonite and sandstone with

particle size 0.2 mm on the removal percentages of Cs-137, Co-60 and Eu-152& 154 have been
studied and the results obtained are given in Table (4).

Table (4): Effect of clay weight of Aswanly, Bentonite and Sandstone on the removal
percentage of Cs-137, C'o-60 and Eu-152&154 from low level waste solutions.

Clay
Weight,

G
0.5
1.0
1.5
2.0
2.5
3.0

Cs-137
1

71.3
76.0
79.2
81.4
82.8
85.5

2
65.2
71.5
75.6
78.5
80.3
82.2

3
48.2
55.3
58.2
61.0
62.5
65.4

Removal percentage
Co-60

1
96.3
95.8
95.2
94.3
93.4
92.5

2
95.2
94.5
94.1
93.8
93.5
91.2

3
94.6
93.2
92.6
92.4
92.1
90.6

Eu-152&154
1

95.2
94.8
94.0
97.7
93.1
92.2

2
94.5
94.0
93.6
93.2
92.5
90.8

3
94.2
93.1
92.6
92.2
91.5
90.2

1. Aswanly 2. Bentonite 3. Sandstone
Particle size: 0.2 mm , Coagulant: ZnSO4(5%)

P H=i0
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The removal percentage of Cs-137 from waste solution at pH= 10 was found to increases as the
clay weights of aswanly, bentonite and sandstone increases from 0.5 to 3.0g. The removal percentage
of Cs-137 are arranged as follows:

aswanly > bentonite > sandstone
85.5 82.2 65.4

However, the removal percentage of Co-60 and Eu-152& 154 was found to decrease as the clay weight
increases. It was found that 0.5g of clays; aswanly, bentonite and sandstone can development the
removal percentages of the two radionuclides with the following sequence:

Co-60
Eu-152&154

asvvanly -
: 96.3 :
: 95.2 i

> bentonite *
> 95.2 =
> 94.5 =

* sandstone
• 94 .6

> 94.2

The results indicated that, aswanly, bentonite and sandstone are more suitable for development the
removal percentages of three radionuclides used.

3.6. Effect of clay heated at different temperatures:
The effect of clay minerals with particle size 0.2 mm and heated at different temperatures ranging

from 25 to 200°C for 24 h on the removal percentages of three radionuclides employed have been
investigated. The results obtained is presented in Fig.(3). From this figure it is clear that, the removal
percentage of Cs-137, Co-60 and Eu-152&154 decrease as the clay heated. Aswanly, bentonite and
sandstone clays when heated at 25°C give high removal percentage.
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3.7. Compressive strength:
The compressive strength of solidified cement products of portland cement mixed with different

percent by weight ranging from 5 to 20% of dried waste sludge and clay minerals have been studied.
The results obtained are given in Table (5). The results indicated that, the compressive strength
increases as the weight of dried waste sludge and clays increases from 5 to 10%, beyond this value,
the compressive strength is decreased. The compressive strength of cement sample contained 10% of
dried sludge with aswanly, bentonite and sandstone was found 416, 354 and 250 kg/cm2, respectively.
All the samples have compressive strength over 150 kg/cm2 which satisfy the regulation for the deep
sea dampring of comentized wastes \ The compressive strength of waste product with aswanly clay
was found higher than the other waste products. This can be attributed to the high amounts of silicon
oxide present in the clay plus the calcium silicate and aluminate in portland cement(l3).

Tiibie (5): Effect of weight percent of dried sludge and clay minerals on the conipressive
strength of solidified waste forms.

Cement, %

95
90
85
80

Sludge+
Clay %

5
10
15
20

Compressive strength, kg/cm"

* Aswanly
375
416
312
208

Bentonite
291
354
208
146

Sandstone
208
250
107
114

Plain cement = 458 kg/cm , W/C ratio 0.3-4.0

3.8. Leaching resistance:
The cumulative fractions of l37Cs, 60Co and li2+Ii4Eu leached from the solidified waste forms of

OPC mixed with 10% by weight of dried waste sludge and clays; aswanly, bentonite and sandstone at
W/C ratio tanging between 0.3 and 0.5and immersed in deionized water for 70 days as function of
total time are presented in Figs.(4-6).
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From the examination of these curves it was found that waste forms containing aswanly clay has a
lower cumulative fraction followed-by waste forms containing bentionite and finally waste forms
containing sandstone in comparison with plain cement. The lower leaching rate of waste product with
aswanly clay is attributed to the presence of silicon .quartz and formation of the solid phase which
significantly affects the behaviour of the most mobile and soluble radionuclide Cs-137 'I4).However
the low leaching rate of waste product with bentonite may be explained bentonite that behave as gel
clay which absorb excess fields and thus increase waste loading and thus reduce teachability(l3>.
Finally, the low leaching rate of waste product with sandstone can be attributed to the absorption
properties where sandstone is porous media ' '. The cumulative fractions for the different waste
products are given in Table (6).

Table (6): Cumulative fraction of Cs-137, Co-60 and Eu-152&154 leached of solidified
waste forms after immersion in deionized water for 70 days.

Waste forms

Plain cement

Adsorbed on Aswanly

Adsorbed on Bentonite

Adsorbed on Sandstone

Cumulative fraction, Cm
Cs-137

2.0x10'

8.0 x 10"2

9.5 x 10"2

0.8 x 10''

Co-60
1.6x10"'

7.0 x lO 2

8.5 xlO"2

0.4 x 10"'

Eu-152&154
0.4 xlO"1

4.8 xlO'2

7.0 xlO"2

0.1 xlO"1

Table 6 shows the leacliabilily of curred cement containing the radioactive isotopes adsorbed on the
three clays was found to be reduced with the following order-

Plain cement > Sandstone > Bentonite > Aswanly

CONCLUSTIONS

In the tight of the obtained results, the following main conclusions are summarized as follows:

1-Natural clay minerals; aswanly, bentonite and sandstone which exists in huge amounts and obtained
from Aswan city and other areas in Egypt play an important useful for development the removal
percentages of Cs-137, Co-60 and Eu-152&154 from low level waste solution more than the other
natural clays employed.

2- The addition of these clays in the chemical treatment of radioactive waste solution with the
isotopes Cs-137, Co-60 and Eu-152&154 enhance the removal percent more than without the
addition of these natural materials for the waste solutions.

3- Aswanly clay improvement the removal percentages of Cs-137 from 3.3 to 85.5, Co-60 from 89.0
to 96.3 and Eu-152&154 from 90.5 to 95.2 .

4- Bentonite and sandstone clays improvement the removal percentages of Cs-137 from 3.3 to 82.2
and 65.4 respectively.

5- The increase in the removal percentages of Cs-137, Co-60 and Eu-152&154 with the natural clay
materials can be arranged in the following order;

Aswanly > Bentonite > Sandstone
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6- The addition of 10% by weight of clay materials heated at temperatures ranging from 25 to 200°C
does not improvement the removal percentages of the three isotopes.

7- The addition of waste sludge contained clay minerals to cement mixture can be improvement the
immobilization process where; the compressive strength obtained was found more than 150
kg/cm2. The increase in the compressive strength took the following sequence:

Asvvanly > Bentonite > Sandstone

8- The cumulative fraction of Cs-137, Co-60 and Eu-152&154 leached from solidified waste forms
are decreased for products containing clay minerals.as compared with waste forms with plain
Portland cement. The decrease in the leaching rates can be arranged in the following order;
Aswanly > Bentonite > Sandstone
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